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Abstract: In Europe, the most widespread land cover category is agriculture, including Non-irrigated arable 
land. The agricultural land cover category includes various types of land use with different levels of human 
impact. The heterogeneity and spatial structure of these landscapes vary among regions and countries, but 
the decline of farmland bird species population can be observed in almost all European countries. This 
decrease can be detected from the abundance data of farmland birds, such as the Eurasian skylark (Alauda 
arvensis). Some small-scale studies have analysed the relation between country- and regional-level land 
cover types and the population data of farmland birds. Europe-wide analysis is necessary to detect the land 
use land cover (LULC) types that are suitable habitat for the skylark and to compare the population density 
data of skylarks in Hungary and Schleswig-Holstein, with the pan-European LULC datasets. In this study, 
we used the Corine Land Cover (CLC) 2012 dataset from the European Union and two (Hungarian and 
German) bird monitoring datasets were aggregated at the same grid size (5 × 5 km). Based on the CLC land 
cover dataset, we identified the land cover types of the Eurasian skylark habitat. We performed our 
statistical calculations by generalised linear models (GLMs) in R to determine the impact of land cover types 
on the abundance of skylarks. We applied negative binomial models to account for the over-dispersion of 
the skylark abundance data and the step AIC function with the stepwise function in both directions. In 
Hungary, we found a significant positive relation between skylark abundance and the Natural grassland 
LULC category and six significant negative relation s (e.g., Fruit trees and berry plantations; Complex 
cultivation patterns and Forests). In Schleswig-Holstein, we found significant positive relations between 
skylark abundance and Pastures and Natural grasslands. We identified the land cover types which shows 
positive relation s with skylark abundance as skylark habitat areas and the land cover types with negative 
relations with skylark abundance as skylark non-habitat areas. We calculated the habitat and non-habitat 
areas of the Eurasian skylark for each grid size (5 × 5 km) of CLC database and visualised the habitat 
changes between 2000 and 2018. We calculated habitat changes of European countries and compared it with 
the country level population change data of Eurasian skylark. Based on this he European-scale habitat 
change map of skylark we can detect habitat change hotspots of this farmland bird in European scale. 
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In the XXI century, the dominant terrestrial 
ecosystem in the world is agriculture, including Non-
irrigated arable land, which accounts for 38% of all 
land cover (FAO, 2016). In Europe this value is much 
higher, at 45% (EBCC, 2020). The agricultural land 
cover of the rural areas includes various types of land 
use with different levels of human impact. The 
heterogeneity and spatial structure of agrarian 
landscapes vary among regions and countries, but the 
decline of farmland biodiversity can be observed 
worldwide. This decline can be detected in the 
abundance data of farmland birds (Morelli et al., 
2020; Wretenberg et al., 2007). Many studies report 
that the decreasing trend in farmland birds has a 
significant relation with the intensive agricultural 
farming, landscape patterns and land cover diversity 
(Gil-Tena et al., 2015, Moreira et al., 2005, Orłowski 
& Ławniczak, 2009, Piha et al., 2003). Most articles 
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focus on small-scale studies and analyse the relations 
between skylark abundance and crop type, height, 
coverage and heterogeneity (Berg et al., 2015, 
Gottschalk et al., 2010, Guerrero et al., 2012, 
Hoffmann, et al., 2018, Praus & Weidinger, 2015, 
Redlich, et al., 2018, Szilassi, et al., 2019). Some 
large-scale studies analyse the relations between 
country- and regional-level land cover types and the 
abundance data for farmland birds (Szilassi et al., 
2019). Europe-wide analyses are necessary to detect 
the land cover types that are suitable environment for 
the Eurasian skylark (Alauda arvensis). Here, we 
compare the habitat preferences of this farmland bird 
in the two study areas (Hungary and Schleswig-
Holstein, North-Germany) based on pan-European 
datasets. Analyses of these two study areas with 
different landscape characteristic are needed, because 
could vary the habitat preferences of skylark and 
there are different drivers of habitat changes across 
Europe.  
The skylark is the most distinctive bird of the 
agrarian landscape in Europe. In the European 
Union, the Eurasian skylark has a declining trend in 
population between 2000 and 2018: Norway -47%, 
Lithuania -41%, France -38%, Czech Republic -
29%, Hungary -24% and Germany -17%. Most 
skylarks leave Hungary and Germany to settle in the 
Mediterranean region for the winter time (Csörgo et 
al., 2009). The skylark was introduced into the 
Americas, Asia, Australia and New Zealand except 
the Nearctic and in high mountains (Cramp, 1988). 
The habitat preferences, including crop structure and 
heterogeneity, of the skylark are well-known. Large-
scale studies have provided general knowledge 
about the skylark’s continental- and regional-wide 
preferences for habitat and land cover heterogeneity 
(Szilassi et al., 2019). However, only a few studies 
have analysed the relations between skylark 
abundance and land cover types across Europe, and 
fewer studies have estimated habitat changes on a 
European scale. To estimate changes in the skylark’s 
habitat, first we have to identify the land cover types 
that serve as habitat for the skylark. The second step 
is to determine the impact of land cover changes on 
the skylark’s abundance changes. 
In this study we used the Corine Land cover 
2012 (CLC 2012) dataset from the European Union 
and two bird monitoring datasets on regional scale. 
We used CLC 2012 to identify the land cover types 
of the skylark’s habitat, and based on this dataset, 
we estimated the impacts of disparate land cover 
types on the skylark’s population in Europe. Based 
on the model’s results, we can describe the optimal 
landscape composition for this species in Europe. 
Our outcomes may be helpful for further researches 
of recent land cover changes related to this species 
in other countries. The skylark abundance data were 
acquired from the Hungarian Common Bird 
Monitoring (MMM) database and from the 
Ornithological Working Group of Schleswig-
Holstein and Hamburg (Südbeck et al., 2005, Tibor 
Szép et al., 2012). The following were the main 
goals of this study: 
• To determine and analyse the impact of land 
cover types on the skylark’s abundance on 
regional scale. 
• To compare with each other the habitat changes 
and the skylark’s population trend changes in 
European scale. 
The results of this study are expected to be 
valuable for understanding the environmental 
background the changes in the abundance of the 
skylark. The results could also be useful for studying 
other situations or for analysis of the impact of 
landscape composition on the populations of 
farmland birds. 
 
2. MATERIALS AND METHODS 
 
2.1. Study area 
 
Hungary is placed in Central Europe and in 
the Carpathian Basin (45°43' to 48°35'N and 16°06' 
to 22°53'E), which is part of the Pannonian 
biogeographic region (Fig. 1). The country has an 
area of 93,033 km2, and is characterized by an 
elevation between 77 and 1014 m a.s.l. The 
agricultural land is the most important land cover 
type, and 61% of the country is cultivated as non-
irrigated arable land (Farkas & Lennert, 2015). An 
additional 20.7% consists of grassland and forest, 
and 5.5% consists of built-up areas. 
Schleswig-Holstein Federal State is located in 
Northern Germany. This area is surrounded by the sea 
on east (North Sea) and west (Baltic Sea), and it is 
bordered by Denmark on the north (Fig. 1). The most 
important land cover type is agricultural land, and 
48% of the state is covered by non-irrigated arable 
land. An additional 38% is covered by grassland and 




2.2.1. Abundance data of the skylark 
In Hungary, a country-wide bird-monitoring 
survey has been conducted each year from 1999 by 
approximately 800 field surveyors. The establishment 
of the Hungarian Common Bird Monitoring Database 
(MMM) has been resulted by their work (Szép & 




Figure 1. Study areas and spatial distribution of the grids, 
which contain Eurasian skylark abundance (number of 
grids: Hungary 175, Schleswig-Holstein 207) 
 
With 2.5 × 2.5 km UTM quadrants covering the 
whole country, it was delineated as a bird-monitoring 
mapping unit before the surveys. This article focuses 
on the grid cells. Point counts within a 100-metre 
radius from each point (25 points in each UTM grid 
cell with a minimum distance of 500 m) was carried 
out during two spring visits. Samplings were 
performed between mid-April and mid-June, with a 
minimum of 2 weeks between samplings. The counts 
were performed at the morning between 5 and 10 am 
when there was no rainfall and the wind speed was 
less than 5 m/s. Our bird abundance dataset fits in 
time to our land cover database from 2012. We 
ordered the neighbouring 4 quadrants into 5x5 km 
grid (178 grid) to generalized the Hungarian dataset 
to the same as the Schleswig-Holstein dataset. 
The survey of the skylark abundance data in 
Schleswig-Hosltein have been performed by the 
Ornithological Working Group of Schleswig-
Holstein and Hamburg (Ornithologische 
Arbeitsgemeinschaft für Schleswig-Holstein und 
Hamburg). The data collection was maintained by 
the ADEBAR (Der Atlas Deutscher Brutvogelarten) 
project between 2005 and 2009. All the breeding 
bird species have been mapped in the federal state 
by the approximately 150 surveyors. Samplings 
were performed between end of March and May, 
with a minimum of 2 weeks between samplings. The 
survey was managed inside the border grid of TK25 
(Topographic map 1:25 000), where the area of each 
unit is approximately 120 km2 (Südbeck et al., 
2005). Each TK25 unit was split into four 5 x 5 km 
grid cells  (Südbeck et al., 2005). 646 5 x 5 km 
TK25 grid cells take place in Schleswig-Holstein, of 
which 380 were surveyed (59 %). 207 grid cells 
have been used, which contains the latest population 
data from 2009. 
 
2.2.2. CLC Database 2012 
The Corine Land Cover datasets were 
produced using the same methods for all European 
Union countries (EEA, 2006, EEA and ETC-TE, 
2017). The 1:100,000 scale datasets have a 25ha 
minimum mapping unit for patches and 100 m 
minimum width for linear elements. The first CLC 
dataset were prepared in 1990 and then it was 
repeated in every 6 years. 44 land cover and land use 
categories are included in the dataset, 30 categories 
are suited in Schleswig-Holstein and in Hungary 
there are 28 categories (EEA and ETC-TE, 2017). 
The study areas contain 21 level 3 CLC categories. 
 
2.3. Data analysis 
 
For our investigations we used the grids of the 
bird surveys from the two study areas in the same 
grid size (5 × 5 km). The proportion of land cover 
types (all CLC category) and the skylark population 
were determined inside the grids. There were no 
homogeneous landscapes inside the grids. We applied 
a preliminary test to identify the group of correlated a 
preliminary test to identify the group of correlated land 
cover categories applying variance inflation factors 
(VIFs). The VIF values ranging between 1 and 1.8, 
 
Table 1. Descriptive statistics of the Eurasian skylark’s bird monitoring datasets from Hungary and Schleswig-Holstein 
 




Minimum Maximum Total Mean SD 
Hungary 178 4450 1 230 1617 9.1 21.38 
Schleswig-
Holstein 207 5175 1 375 8325 40.22 40.42 
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which means that the explanatory variables were not 
linearly related, so the multicollinearity is low between 
the variables (LULC types and indices). We performed 
our statistical calculations by generalised linear models 
(GLMs) to determine the impact of land cover on the 
abundance of the skylark. The CLC 2012 dataset was 
used in the two study areas. In Hungary we used the 
CLC 2012 dataset and the abundance data from 2012. 
For Schleswig-Holstein we have abundance data from 
2009 and CLC data from 2012, but they can be used 
together, because the landscape usually changes less 
than 1% per year (European Environment Agency, 
2017). The Non-irrigated arable land category was not 
put into the model, because in Hungary and other 
European countries, the agricultural land is the matrix 
(dominant LULC type) in the landscape, so the 
proportion of this category shows strong 
autocorrelations with other LULC types. To account 
for the over-dispersion of the skylark population data, 
negative binomial models have been applied (tested by 
overdispersion test function of AER package in R). 
Models with all explanatory variables (CLC 
categories) were generated, and Akaike’s information 
criterion has been used to rank them with the ‘dredge’ 
function of the ‘MuMin’ package in R (Barton, 2015). 
The ‘LmerTest’ package were used to determine he 
significance value of the variables (Kuznetsova et al., 
2020). We also performed GLM using the stepAIC 
function with the stepwise function in both directions. 
In further analyses, we used the selected variables by 
the stepwise function. We constructed two groups from 
the land cover categories of the CLC database on the 
basis of GLM results, namely, preferred (significant 
positive relation) and nonpreferred (significant 
negative relation) land cover types. 
Mean patch size and number of patches of all 
land cover types have been calculated to compare 
the landcover categories and to help understand the 
differences between the study areas and the results. 
We estimated the habitat change of the 
skylark based on the CLC datasets from 2000 and 
2018 in ArcGis 10.3. We generated a 5 × 5 km grid 
over all Europe where the CLC datasets available. 
We calculated changes in land cover types that were 
related to the skylark’s abundance based on the 
GLMs, and the estimated habitat change was 
mapped in each grid cell. The following equation 
represents the calculation of the summarized 
skylark’s habitat change in the grid cells (SHc): 
 
(1) 𝑆𝑆𝑆𝑆𝑆𝑆 = −(∑𝑆𝑆𝑐𝑐𝑆𝑆) + ∑𝑆𝑆𝑆𝑆 
 
where cNH represents total changes non-habitat 
LULC types inside the grid and cH represents total 
changes in the habitat LULC types areas inside each 
grid cells respectively. 
We used the Jenks natural breaks method 
(Jenks, 1967) to classify the summarized habitat 
changes into five classes: strong negative changes 
(from -2500 to -1123 ha), intermediate negative 
changes (from -1122 to -314 ha), minor negative 
changes (from -313 to 281 ha), intermediate positive 
changes (from 282 to 1067 ha) and strong positive 
changes (from 1068 to 2500 ha). 
The relation between the bird population 
change (percent) and the habitat and non-habitat 
change (percent) by countries were calculated. 
Spearman’s rank correlation analysis has been 
applied. The European common farmland bird index 
including the skylark trend was calculated by the 
data of Organisation for Economic Cooperation and 
Development (OECD); National BirdLife 
organisations. We analysed the correlation between 
the skylark’s population trend and habitat decrease 
(HD), total habitat decrease and non-habitat increase 
(THD), total habitat increase and non-habitat 
decrease (THI). Following equations were used for 
the habitat change calculations: 
 
(2)𝑆𝑆𝐻𝐻 = ∑𝑆𝑆𝐻𝐻 
 
(3)𝑇𝑇𝑆𝑆𝐻𝐻 = ∑𝑆𝑆𝐻𝐻 + ∑𝑐𝑐𝑆𝑆𝑁𝑁 
 
(4)𝑇𝑇𝑆𝑆𝑁𝑁 = ∑𝑆𝑆𝑁𝑁 + ∑𝑐𝑐𝑆𝑆𝐻𝐻 
where HD represents the total negative changes of 
habitat LULC types in each country; NHI represents 
the total positive changes of habitat LULC types in 
each country; HI represents the total positive changes 
of habitat LULC types and NHD represents the total 





3.1. Relations between skylark abundance 
data and land cover types in the study areas 
 
We investigated the relations between skylark 
abundance data and land cover types in Hungary. 
Table 2 shows a summary of the results based on 
GLM models after the stepAIC function. Two land 
cover types were negatively correlated with skylark 
abundance at the 0.05 significance level: Fruit trees 
and berry plantations) and Complex cultivation 
patterns. Five land cover types were negatively 
correlated (p < 0.001) with skylark abundance: 
Construction sites, Green urban areas Broad-leaved 
forest), Coniferous forest and Inland marshes). Only 
one land cover type was positively correlated with 
skylark abundance (p < 0.05): Natural grassland.  
Table 2 also shows the relations between 
skylark abundance and land cover categories in 
Schleswig-Holstein on the basis of GLM models after 
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the stepAIC function. We obtained results at different 
levels of significance. The Discontinuous urban fabric 
land cover type was negatively correlated with 
skylark abundance at p < 0.001, and two land cover 
types were negatively correlated with skylark 
abundance at p < 0.05: Mixed Forest and Water 
bodies. Three land cover types were positively 
correlated with skylark abundance: Pastures (code 
231, p < 0.05), Natural grassland (p < 0.01) and 
Inland marshes (p < 0.05). 
The fourth column of Table 2 shows the land 
cover categories (green and red colours) that we 
have taken under consideration in the further 
European-scale analysis. The category of Inland 
marshes was positively correlated in Schleswig-
Holstein and negatively correlated in Hungary with 
skylark abundance, and therefore we removed this 
category from further analysis. 
 
3.2. Calculation of Eurasian skylark’s habitat 
change in European scale between 2000 and 2018 
 
Based on the results of the land cover type analysis 
and the habitat and non-habitat area calculations in 
the grids, we made a European-scale map of the 
skylark’s habitat changes. The five LULC types show 
perfectly the changes in every country, and based on 
visual interpretation, we can identify the hot spots of 
habitat change. The countries most negatively 
affected by the skylark’s habitat changes were 
Finland (–9.09%), the United Kingdom (–4.24%), 
Greece (–3.42%), Andorra (–3.35%), Slovakia (–
3.2%), the Netherlands (–2.95%), Denmark (–2.65%), 
Switzerland (–2.27%) and Hungary (–2.2%). The 
changes are better described according to the 
components of habitat change. There are four 
components: habitat areas decrease, non-habitat areas 
increase, habitat areas increase and non-habitat areas 
decrease. The positive CLC categories changed the 
most in the negative direction in the United Kingdom 
(–9.91%), Andorra (–6.6%), Switzerland (–5.07%), 
Denmark (–4.99%), Germany (–4.97%), Ireland (–
4.59%), Spain (–4.5%), Slovakia (–3.7%), Hungary 
(–3.68%) and the Netherlands (–3.5%). A high 
proportion of the LULC changed into habitat in 
Ireland (10.23%), the United Kingdom (5.23%), 
Romania (4.42). The values of the four components 
for each country are shown in Figure 2.  
 
Table 2. Summary table of CLC categories (in ha) showing the GLM results, estimated parameter values ± SD of each 
explanatory variable on skylark abundance 
CLC 
name, 
Hungary Schleswig-Holstein In Eu-scale 
prediction Estimate SE 95% CI Estimate SE 95% CI 
Discontinuous urban 
fabric No significant relation –0.027*** 0.007 
–0.04 to  
–0.014 – 
Construction sites –0.413* 0.186 –0.776 to  –0.043 No significant relation – 
Green urban areas –0.316* 0.135 −0.606 to  –0.055 No significant relation – 
Fruit trees and berry 
plantations –0.089** 0.029 
–0.149 to  
–0.027 No significant relation – 
Pastures No significant relation 0.006* 0.002 0.002 to  0.01 + 
Complex cultivation 
patterns –0.07** 0.022 
–0.112 to  
–0.028 No significant relation – 
Broad-leaved forest –0.012* 0.005 –0.021 to  –0.002 No significant relation – 
Coniferous forest –0.099* 0.042 –0.179 to  –0.018 No significant relation – 
Mixed forest No significant relation –0.049* 0.022 –0.092 to  –0.002 – 
Natural grassland 0.008* 0.004 –0.001 to  0.017 0.073** 0.027 
0.009 to  
0.145 + 
Inland marshes –0.098* 0.039 –0.174 to  –0.017 0.111* 0.053 
–0.014 to  
0.276 
 
Water bodies No significant relation –0.016* 0.007 –0.029 to  –0.002 – 
 
Observations: 175;  
R2 Nagelkerke: 0.386 
Observations: 207;  
R2 Nagelkerke: 0.371  
*p < 0.05, **p < 0.01, *** p < 0.001.  




Figure 2. Changes in the habitat and non-habitat areas of 
the Eurasian skylark 
 
The results map (Fig. 3) shows the hotspots of 
habitat change at the country level. Many habitat 
declines can be found from east to west in the outer 
eastern Carpathians (Romania); in Finland close to 
the Russian border and the Lapland region; in 
Sweden, mostly in the Svealand region; in 
Schleswig-Holstein, Lower Saxony and Saxony in 
Germany; in the neighbourhood of Oxford and the 
south-west part of Scotland in the United Kingdom; 
between Bern and Zürich in Switzerland and in 
Catalonia and the Sevilla-Cordoba axis in Spain. 
The skylark’s habitat increased in several regions in 
Europe: the Transylvania region in Romania, eastern 
Croatia, eastern Austria, southern Germany, 
southern England, southern (Cork) and northern 
Ireland and Gascogne National Park in France. 
The result of correlation test between the 
skylark population changes and the estimated habitat 
change shows significant negative correlations, if the 
habitat areas decrease and the non-habitat areas 
increase (Table 3). The increase of habitat areas and 
decrease of non-habitat areas show a significant 
positive correlation with the skylark abundance data. 
4. DISCUSSION 
 
This study underpins the importance of general 
open-habitat changes of Eurasian skylark in Europe, 
suggesting that on-going land cover and habitat 
changes may strongly affect the distribution in most of 
its European range. We investigated the relations 
between land cover types and the abundance data of 
the skylark in two study areas in Europe. In the 
Hungarian study areas, the GLM based model between 
the skylark abundance data and LULC types in case of 
eight LULC types showed significant statistical 
connections. The skylark population data has 
significant relation with six LULC categories in 
Schleswig-Holstein (Germany). Habitat changes of the 
skylark in Europe has been modelled based on our 
results. The summarised LULC based habitat changes 
by countries are in accordance with the trends of the 
skylark population in each country. The habitat decline 
of the skylark was the strongest in the United 
Kingdom, Ireland, Germany, Denmark, Hungary, 
Slovakia and Spain.  
 
4.1. Land cover types which show 
significant positive statistical relations with the 
skylark population 
 
In case of the Hungarian study area, the 
Natural grassland LULC type was positively 
connected with skylark abundance. This LULC type 
is an important habitat area for farmland birds 
(Morelli, 2013). In central and eastern Europe, land 
abandonment has caused an increase in grassland, 
which is an important habitat for the skylark when it 
has not changed into scrub or bushy areas 
(Tryjanowski et al., 2011). There was no significant 
relation between skylark abundance and the Pastures 
category, because intensive grassland management in 
Hungary can be directly damaging to breeding 
skylarks (Koleček et al., 2015). Heldbjerg et al., 2017 
found that the change from grazing to mowing caused 
significant decline in the trend of skylark in Denmark 
(Heldbjerg et al., 2018). 
The results of German study area (Schleswig-
Holstein) showed significant statistical connections s 
between skylark data and land cover categories in five 
LULC types. One of the most typical habitat of the 
skylark is pasture, because they are exposed to grazing, 
which maintains a low vegetation and homogeneous 
structure (moderate grazing does not disturb the 
skylark) (Cramp, 1988; Hoffmann, et al., 2016; 
Koleček et al., 2015; Nagy, et al., 2009). The Pastures 
and Natural grassland LULC types are suitable habitats 





Figure 3. Estimated changes in habitat of the Eurasian skylark in 36 European countries between 2000 and 2018 based 
on GLM results and CLC 2000 and 2018 datasets. 
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Habitat decrease and non-
habitat increase 
Habitat increase and non-
habitat decrease 
Trend of skylark 
population by countries -0.528
** -0.553** 0.455* 
Number of pairs 25 25 25 
*p < 0.05, **p < 0.01 
We obtained different results in the selected 
two European study areas in Europe. Based on other 
studies (Tryjanowski et al., 2011), the differences 
are due to the different locations of the study areas 
in western and central-eastern Europe. There are 
differences between western and central-eastern 
Europe in the role of agriculture in the level of 
intensification (Tryjanowski et al., 2011). In 
Hungary, agriculture follows a mixed system, where 
intensive and traditional farming exist side by side 
(Báldi & Faragó, 2007). In Schleswig-Holstein, the 
size of the agricultural parcels differs in different 
parts of the state. The eastern part of the state is a 
traditional agricultural area with relatively large 
parcels. Land in the middle part is traditionally used 
as meadow and pastureland for livestock farming in 
small separated parcels, and the west has medium- 
and large-size arable land or grassland fields. 
 
4.2. Land cover types which show 
significant negative statistical relations with the 
skylark population 
 
We observed negative statistical connections 
between skylark abundance and seven CLC land 
cover categories in Hungarian study areas. The 
construction sites and Green urban LULC types. 
These two LULC category are part of the artificial 
surfaces first level CLC class. Construction sites are 
similar LULC categories to built-up areas, which 
also  not habitat areas for the skylark because of the 
lack of natural features (Szilassi, 2015; Szilassi et 
al., 2019). Fruit trees and berry plantation LULC 
categories were also negatively correlated with 
skylark abundance, because this categories have 
dense vegetation coverage, which are properties that 
do not provide a suitable habitat for the skylark 
(Hoffmann et al., 2018, Praus & Weidinger, 2015). 
The skylark abundance significant negative relation 
with the Complex cultivation pattern may be due to 
the fact that the skylark does not prefer 
heterogeneous landscapes (Berg et al., 2015; Csikós 
& Szilassi, 2020; Gottschalk et al., 2010; Guerrero et 
al., 2012; Szilassi et al., 2019). Berg et al., (2015), 
Gottschalk et al., (2010) and Szilassi et al., (2019) 
also established that there is a significant negative 
relation between the abundance data of skylark and 
the Forests LULC category (Broad-leaved and 
Coniferous). The dense forests areas decrease the 
openness of the landscape and has a negative 
association with the skylark population. Many 
studies highlight the importance of the landscape 
openness for the skylark (Morelli, 2013, Pedersen & 
Krøgli, 2017). The Water bodies category was also 
negatively correlated with skylark abundance, and it 
is well-known that this LULC category is not a 
preferred land cover type for the skylark.  
In Schleswig-Holstein, the Discontinuous 
urban fabric LULC category was negatively 
correlated with skylark abundance. This land cover 
type is part of the artificial surfaces first level CLC 
class, and it is not a habitat area of the skylark 
because of the lack of natural features and the very 
fragmented landscape (Filippi-Codaccioni et al., 
2008, Loretto et al., 2019). Filippi-Codaccioni et al., 
(2008) found a negative correlation between the 
proportion of urbanised area in 1 × 1 km grids and 
skylark abundance data. Skylark abundance was also 
negatively correlated with the Mixed forest LULC 
type, the reason is same as in case of other types of 
forests. The inland marshes category shows 
significant positive relation in Schleswig-Holstein 
because around the inland marshes there are lot of 
natural grassland area. 
The proportions, number of patches and mean 
patch size of the land cover categories also differ, 
which can cause differences in the model results 
(Table A1). In Schleswig-Holstein there are more 
patches of Discontinuous urban fabric area with 
smaller mean patch size value and skylark do not 
prefer the fragmented landscapes by non-habitat 
areas. The same findings can be stated in the case of 
the forests. 
 
4.3. European changes of Eurasian 
skylarks’ habitat, and its relations with the 
skylark population 
 
We could compare the summarized habitat 
and abundance changes of skylark in country level 
(Fig 2). Based on the calculated changes of the 
habitat and non-habitat land cover categories of the 
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skylark, we could map the total summarized changes 
of skylarks’ habitat in Europe (Fig 3). Figure 3 
identifies the most significant spatial changes in 
skylark habitat at continental scale and highlights the 
habitat change hotspots in Europe. These hotspots 
may require further research, as United Kingdom, 
Ireland, Germany, Denmark, Hungary, Slovakia and 
Spain. For example, in northern Germany 
(Schleswig-Holstein and Hessen) there are 
confirmed changes in land cover that have a 
negative effect on the skylark population density 
(Csikós & Szilassi, 2020, Lüker-Jans et al., 2017). 
Heldbjerg et al., 2018 found that in Denmark, the 
population density of the skylark declined because 
of the new agri-environmental schemes (AES, 2001 
- 2014) caused land cover changes (Heldbjerg et al., 
2018). Daskalova et al., 2019 report the same 
phenomenon in Scotland, that the introduction of the 
new AES cause decline in farmland bird abundance 
trends (Daskalova et al., 2019). In Hungary, there is 
also a declining trend in abundance because of the 
reforestation of the grasslands and meadows 
(Szilassi, 2019). 
The result of Spearman’s rho correlation test 
between the skylark abundance changes and the 
calculated habitat change between 2000 and 2018 
shows significant positive statistical connections 
with each other (Table 3). It means that the recent 
habitat change of skylark shows significant 
statistical correlations with the population of the 
skylark. This result validates our results, but the 
extension of the input data with other parameters 
(landscape indices) could be improve the model 




Land cover types, which have positive and 
negative effects on skylark abundance, have been 
identified in both study areas, Hungary and 
Schleswig-Holstein. Based on the model results, we 
can divide the CORINE land cover categories into 
two groups, habitat and non-habitat categories. The 
habitat categories are Non-irrigated arable land 
(based on other studies), Natural grassland and 
Pastures. The non-habitat categories are 
Discontinuous urban fabric, Construction sites, 
Green urban areas, Fruit trees and berry plantations, 
Complex cultivation patterns, Broad-leaved forest, 
Coniferous forest, Mixed forest and Water bodies. 
The habitat changes in the grid cells have been 
calculated, for an a European-wide map with 5 × 5 
km grid cells. This map represents the habitat 
changes in the European scale, and based on this 
map, can be identify the hotspots of the positive and 
negative habitat changes. This study establishes the 
importance the openness of the-landscapes for this 
species in Europe, suggesting that on-going land 
cover and habitat changes may strongly affect the 
spatial distribution (density) of skylark in most of 
the European country. 
 
APPENDIX 























112 142 79.33 6.66 240 122 199 96.14 11.61 536 71 
133 10 5.59 0.10 19 35 1 0.48 0.02 2 28 
141 6 3.35 0.11 15 44 17 8.21 0.24 24 33 
211 174 97.21 48.09 297 455 207 100.00 18.27 707 311 
222 52 29.05 1.16 54 40 1 0.48 0.01 2 57 
231 160 89.39 8.46 300 51 207 100.00 24.40 1053 104 
242 113 63.13 2.55 237 52 3 1.45 0.10 5 38 
311 146 81.56 11.30 301 101 179 86.47 12.40 584 67 
312 27 15.08 0.50 35 32 111 53.62 4.34 224 115 
313 41 22.91 0.88 62 40 95 45.89 2.82 178 41 
321 56 31.28 8.33 33 160 42 20.29 1.56 38 40 
411 44 24.58 0.85 40 34 13 6.28 0.46 10 36 
512 50 27.93 1.08 43 67 91 43.96 3.12 125 88 
1Number of grids that contain the CLC category; 2percentage of grids that contain the CLC category; 3 percentage of 
the CLC category.   
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Table A2. Names and descriptions of Corine Land Cover categories, Source: Bossard et al., 2000; Kosztra et al., 2019 
 
Code Name Description 
112 Discontinuous urban fabric 
The discontinuous urban fabric class is allocated when urban structures and transport 
networks associated with vegetated areas and bare surfaces are present and keep 
significant amounts of surface in a discontinuous spatial pattern. Impermeable features 
such as roads, buildings, and artificially surfaced areas range from 30% to 80% land 
coverage. 
133 Construction sites 
Lands under construction development, soil or bedrock excavations and earthworks. This 
class is assigned to areas where the landscape is distressed by human activities, changed 
or modified into artificial surfaces, being in a state of anthropogenic transition. 
141 Green urban areas 
Areas with vegetation within or partly conquered by urban fabric. This class is assigned 
to urban greenery, which usually has recreational or ornamental character and is usually 
available to the public. 
211 Non-irrigated arable land 
Cultivated land units under rain-fed agricultural use for annually harvested non-
permanent crops, normally under a crop rotation system, including fallow lands within 
such crop rotation. Parcels with sporadic sprinkler irrigation with non-permanent devices 
to support dominant rain-fed cultivation are included. 
222 Fruit trees and berry plantations 
Cultivated lands planted with fruit trees and shrubs, intended for fruit production, 
including nuts. The planting pattern can be by single or mixed fruit, both in association 
with permanently grassy surfaces. 
231 Pastures 
Permanent grassland characterized by agricultural use or strong human interference. 
Floral composition dominated by graminaceae and affected by human activity. Typically 





Mosaic of small cultivated land fields with different cultivation types -annual crops, 
pasture and/or permanent crops-, eventually with scattered houses or gardens. 
311 Broad-leaved forest 
Vegetation formation formed principally of trees, including shrub and bush, where 
broad-leaved species predominate. 
312 Coniferous forest Vegetation formation formed principally of trees, including shrub and bush understorey, where coniferous species predominate. 
313 Mixed forest Vegetation formation composed principally of trees, including shrub and bush understorey, where neither broad-leaved nor coniferous species predominate. 
321 Natural grassland 
Grasslands under no or moderate human affect. Low-productivity grasslands. Often 
situated in areas of rough, uneven ground and steep slopes; frequently including rocky 
areas or patches of other (semi-)natural vegetation. 
411 Inland marshes Low-lying land usually flooded in winter, and with ground more or less saturated by fresh water all year round. 
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